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Overview

Sequencing technology changes
Plant reference genomes

Sequence based tools for interrogation of
reference genomes

Plant databases/computational analysis
platforms

Bioinformatics landscape

Controlled environment phenotyping and
analytics

Where we need to go



Sanger sequencing (3730x!| 2002)

* Integrated robot loader and
plate piercer —holds 24 plates

e 2 hour run time per 96 samples,

800 bp reads@ ~900k bps per
day — ran unattended

e $937,500 per GB

sequencing machine slab gel or capillary

(a) (b)
dATP [ddGTP 1O —
4GTP or e
[adat ]O
dcTp + oF
o
aTTe [adaTT O PR
and or re—
Template dacie 10
Primer
DNA polymerase e
l Perform four separate
: : | e—
sequencing reactions
)
Pool reactions and electrophorese on DNA v

Emitted light is
AJO collected by
A O optical detector
Lo} Scanning laser l
ites fluorescent

[CTaace] e

© dyes as DNA Data are sent
[ TAACGT]O  Sequencingladder fragmentspass 5 a computer

in one lane or one byduring
©  capillary on DNA electrophoresis
ing machine

AACGTAT|O
[CTAACGTATG O
[CTAAcGTATGd O
[AACGTATGCT] O

Sequence from bottom to top
TCGTATGCAA
Figure 10-11

Recombinant DNA: Genes and Genomes (3e)
© 2007 W. H. Freeman and Company




Modern data collection

* Produces ~900 Gb of data in 6 days
(150 Gb per day)

» ~40k per run, or $S44 per GB excluding
library, machine cost, and data | R '
handling (1,500x Sanger & 23,000x 8 8 . R

lower cost) Vo g -
¢ 2x125 reads currently, can also 4 | i
generate 2x200 reads at 2x the cost o

and % the throughput

@97ZXTR1:359:H9ESNADXX:1:1101:5045:3839 1:N:0:CGATGT
GCCCTGCCTCCGAGCCAGATTTCCTTCCCGTTCGTTCCCGTGGCTTCTGGAGTCTTCTAGATGATAGAAAA

TTGCGCGACACGTTAATATCTCTATGTAAACCCGACGTGTGGGCCTTT






Why de novo plant genomes are hard

Polyploidy & Polymorphism

Repeat content & Transposons

MECHANISMS THAT DRIVE
PLANT EVOLUTION!
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Reference plant genomes

* Come in different
“flavors” — quality and
completeness (finished/
improved vs. draft vs.

drafty draft
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BAC reference genomes

(a) BAC clones with human genomic DNA inserts
BAC Cloned DNA
vector insert Digest with Hindlll

El h and fi sizes

() 1234567891011121314151617181920

Figure 11-9
Recombinant DNA: Genes and Genomes (3e)
A CrgiBBds of sncphers_Hamscwsp. Clones 287 of 836, Markers 133 of 193, Sequenced 77. Length 1552
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1 NCO10000 NC069139 NCOZZERL NC
cox_8
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F-sts-mﬂ% -WI-15063 f-CdaOxhi] 515647162

A physical map of the human genome

The International Human Genome Mapping Consortium*

Markar
name

Locus  EMAL
symeol AC

o Hatero- CA steand QT strand Gerotype  Size  Notes
o ygosty primer primer 134702 range

AFMII IS
AFM196:06

AFMDEE WD
7yot
M304 025

i

AFM242u38
AFM2382110
AFM2912d1

M265vad
AFM186xa7
AFMIS0E

0451582 224118
nvu'uo

Da5398

0451000 ﬂ"'
DS 218854
Da51541 223302
D4S1574 223896
De5416 216853

147.145 143140
243237 237240

254224
197 180
9
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1994 AD: 2,066
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CARCAPCAAAGEA M.“A

200-kb BAC clone

Perform large numbers of
paired-end sequencing reads

Pairwise comparisons to identify reads
with strongest evidence of overlap

Contig 2 Contig 3 Contig 4

Pairwise comparison of additional reads
at the ends of the four contigs
— —» —»
<. 0
Contig 3 —p = Contig 2 —» <« Contig ‘I _. 4_ Contig 4
>

A

Figure 10-14
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Fully assembled BAC sequence 8

Recombinant DNA: Genes and Genomes (3e)
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WGS references

* Seqguence the whole genome at once using
multiple sized libraries
e Calculate all overlaps between reads and
then work out a parsimonious path
through the data set

* WG GS benefits

— Small number of good subclone libraries A

needed
* Short Subclone (3-4kb)
*  Medium Subclone (6-9kb) 4 e .
* Long Fosmid (32-36kb) O
* Longer BAC (100-160kb)

— No mapping phase o
— Less complex pipeline

* WGS drawbacks _ SN
— Inconsistent genome coverage ‘f"_:g_';' N=/ //
— Difficult to assess quality == -
— Laborious post-production phase
— Don’t kno hat you have till you are done

W what youhav [ ARACHNE: A Whole-Genome Shotgun Assembler

Serafim Batzoglou,'*? David B. Jaffe,>** Ken Stanley,? Jonathan Butler,?
Sante Gnerre,” Evan Mauceli,? Bonnie Berger,’ Jill P. Mesirov,? and Eric S.

Lander?57

Genome Res. 2002



NGS “reference” genomes

Sequence fragments of short inserts of

varying sizes, recombination pairs, RORE"  ocam CICC  oppp
collapse very large data set into consensus -+ azca G Reads
GGGA GACA ccea CTGG
NGS benefits .
— No cloning . fc@‘_@“
— Data collection is inexpensive @A
- Sequence is hlgh qua“ty <A;E-; <3915 < CTT TTT> Euleri:l path
i i
pu
NGS drawbacks o v ad
— Biases with whatever technology is used \G:f;uungr:pi(;)
— Difficult to assess quality/completeness  /
— Tend not to include long pairs, mapping A AIEEXCHIC CIEFERG GIER T T BB
information, validation
— Lots of contigs, low repeat content, complex
to use in practice Computational solutions for omics data
— Difficult to improve with directed means Bonnie Berger, Jian Peng & Mona Singh
— Fragmented Nature Reviews Genetics 14, 333-346 (2013) doi:

10.1038/nrg3433

10



Séquence based tools for
mterrogatloﬁ*uf reference

geniomes




Resequencing for SNP/indel identification

Collect DNA from cultivars,
breeding populations, make
frag libraries, resequence

15 x of inbred sorghum =14
Gb, $1,000 (detect
homozygous changes)

30x of outbred sorghum =

51,800 (detect heterozygous
changes)

Lower coverage for pedigree
typing 2x = $200

Medicago truncatula

b - i P e i
270k 280k 290k 300k 310k 320k 330k 340k 350k 360k | 370k | 380k 390k 400k 410k 420k 430k 440k 450k 460k
)

Mt2: 18 kbp 5kbp

364k, 365K 366K 367K 368K 360k 370k 371k 372k 375k 74k
[1-] - EHE Unique Coverage (Shallow Lines) (Showing 1 of 262 subtracks)

lgilh..hﬂ\\hMA. .uu_m.»ﬂh bk udiaho

- EHE Unique Coverage (Deep Lines) (Showing 1 of 26 subtracks)

64: 64 64
32'iMNIMMMMLMEZ

H SNPs by Accession (Shallow Lines) (Showing 1 of 262 subtracks)

10
5
0

sag 4 s a“ as 4 4 ; Yy
- EH SNPs by Accession (Deep Lines) (Showing 8 of 26 subtracks)
4 ag 4 4 4 444 44 am v AR
= 4 ag as 4 N as ™ 2‘ s
sag 4 & % s “ s oa A§; 4 4
s
Variant Call s5.1369 (SNV A -> T)
4 ag &
4 ag 4 SNV A->T (score: 461.91)
- 4 & 4 ag 4 Genotyped Alleles:
* Sequence Allele Frequency Called Fraction
A (ref) 0812 0.833
iRk R i 4T 0.188 0167

] L . Allele Frequency s the frequency of each encountered allele estimated from primary data, as reported by GATK in the AF field
4 Called Fraction s the fraction of each allele in the total called dataset, post-filter
More information on AF calculation is available from the GATK documentation

¥ EEEHEE IMGAG Gene Models

Medtr2g005870
OFTL protein [Sample Genotype | Quality Score | Allele Depth_| Depth
@M All Lines Combined 93-968 No Variant Data
M4 Mdh M A AMMMAMS Mussais A4 uss [BESC-418 | 33 A=z | 12
BESC-52 No Variant Data
BESC-79 AA A=22 22
BESC-246 AA 27 A=10 10
BESC-313 AT 50 A=2T=4 6
Bra nca 2010 PN CA-05-06 AA 24 A=10 10
.+ | BESC-460 No Variant Data
GW-10958 WA [ 24 [ A=10__[ 10
Nisqually No Variant Data
DENA-17-3 AA 21 7
CA-01-01 AIA 36 13
VNDL-27-4 AA 21 8
BESC-15 AT 99 A 15
BESC-105 AT 23 5
BESC-366 AT 99 A 8
Allele Depih is the read count for each allele, pre-filler (AD subfield). Depth is the total read count, post-filter (DP subfield)

More information on these two fields is available from the GATK documentation in the link above

SnpEff Variant Annotation, where available:

Effect Impact| Codon Change | Gene Name Transcript Exon [ Genotype
MODIFIER 1516 |Potri.001G001900|Potri.001G001900.1 T
MODIFIER 2857 ___|Potri.001G002000|Potri.001G002000.1 T
MODIFIER 2857 |Potri.001G002000[Potri.001G002000.2) T
MODIFIER [Potri.001GO01800[Potr.001G001800.1| 1 T
PTRDN MODIFIER [Potri.001GO01800[Potri.001G001800.2] 1 T
[NTRON MODIFIER [Potri.001G001800|Potri.001G001800:3 1 T
|UPSTREAM | MODIFIER 1535 |Potri.001G001700|Potri.001G001700.1 T

Poplar - Phytozom#€



Real world example

#CHROM POS REF 201782_400122 201782 400194
201782__400495 ...
Chrol 4 C c/c c/c c/T
Dense SNPS Chr0l 5 A A/A A/A A/A
Chrol 7 ACCCC  ACCCC/ACCCC ACCCC/ACCCC ACCCC/ACC
across Chr0l 18 A A/A A/A A/A
Cchrol 20 A A/A A/A A/A
= Cchrol 21 C c/c c/c c/c
pOPUIatlon Cchrol 22 C c/c c/c c/c
Chro01 23 C c/c c/c c/c
Chr0l1 24 CAAA CAAA/CAAA CAAA/CAAA CAAA/CAAA
Chr0l 34 ACCCC  ACCCC/ACCCC ACCCC/ACCCC ACCCC/ACCCC

Manhattan Plot

dog p[2.324.13)

BioEnergy Science Center




Lignin quality traits
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Glycolysis Y Pentose phosphate pathway

pathway

Hydrolyzable tannins
Chlorogenic acid

Phylloguinone (vitamin K,}
l Salicylate

\O\B

Acridone alkaloids
Avenanthramides
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Coumarin
Shikonin
4 oumarate — Usiguinone
Havonoids

Anthogyanin ‘_4r(uumamy\r
Condensed tannins CoA \
Stilbenes l Lignin

/ Lignans
Suberin Caffeoyl- /

991 lines in the
population

Mutation in
Paralog 1

Null

7 lines
0.71% of population

v

969 lines

“  Maeda et al. 2012

Mutation in
Paralog 2

15 lines
1.51% of population
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Isolate RNA, make RNA-seq (RT)

libs, collect data

Expression analysis, tissue to
tissue, condition to condition, or

genotype to genotype
comparisons

Typically for full analysis run at

10-20M pairs per (or 10-20

samples per lane ~$325 per

samples

Variations such as 3’ counting,

non-coding RNA collection,
microRNA collection

RNA-seq

A introns 543 45 3 2 1
c JEE LA NER L
g - 1| IS WYETN L
£ F N NWW § F Wy
e ‘AL LA BER 1
® AL LA N R ]
5 AN LA EEE A
5 A LA N RN |
3 y 1 - ' §EPpYE)
g > § §EY™ RN PV
y ¥y * § " WQEpPWN
) Al LA AEE |
3 A LA & MB )
g MBS LA B i |
£ » § 2§V ¥ i =_= {
L Jw N v W -
-~ SN LA A NN k
To iy e AU A S e e

- A.J.Botany, Gulledge 2012

Arabidopsis: alternative splicing in splicing

regulator SR45a
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i 5,000,000 10,000,000 15,000,000 20,000,000 25,000,000 30,000,000 35,000,000 40,000,000 45,000,000 50,000,000
I @\ Q@ @\ Chro1|  |Chr01:129887..199986 (70 Kb)
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P o 3 i-im [ e ———
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- Hee g [P TS N [ITEee o 4
Phvul.001G000400. 1 Phvul.001G000609.1 Phvul.001G000800.1 Phvul.001G001000.1
Phvul.001G000600.1 Transcript-level Expression l X "hmad{eo—o.}bé?
Alternative Transcript Phvul.001G000800.2 FPKM Coefficient of variance: 0.656845120455889 PhvUL001G001100.2
(across samples below) shimtr e,
Phvul.001G00"
Flower Buds : 0.316 [l
Exression Study RNA-Seq Read Coverage - Log Scale Your.;g ?ods: 1 677_
Young Trifoliates : 2.809 I
Flowers : 0.481 [N
Stem 10: 1.208 I
Nodules : 2.709 I
iu A Kbl o oot 19 2.142 I 119
Stem 19 : 1.220 [N
- Green Mature Pods : 0.145]] B =
Gene-level Expression 1 3 4
B R Phvul.001G000500 Leaves : 1.148 I Phvul.001G00
Phvul,001GO00600 Root 10: 2.812 NG |
Note: CuffDiff run status is displayed in the rightmost column m*
if this reported as other than OK for one or more samples. IILO01C001100
: g > HHEH
Transcript-level Expression PhvuL.001G000500.1 Phvul.001G00"

B 3. »
G000300.2

—H—H
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B
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B
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Phaseolus vulgaris

HH

3 3
PhvUL.001G001000.1

B Go1c000s00  Cufflinks Gene Expression

5iix5 e
Phvul.001G000800.1

HHEH
Phvul.001G0O0*

The plotted values and are log2 of the actual value.

Heatmap visualization powered by canvasXpress, learn more about the display options.

Click to see/hide the expression maps»
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RNA-seq for expression comparisons

metsbebc protets
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Significance levels and Arrow types Diagram

— 5 A
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G. max Root NH4 Replicate Comparison

106405

1.0E+04

1.06+03

1.0E+02
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1.0E+00

10602

1.0603

1.0E-04.
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G. max Root Urea Replicate Comparison
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1.0€+05
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Glycine max (soybean)
w/ Gary Stacey : Mizzou
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Histone modifications

Modifications

http://www.roadmapepigenomics.org

Long range fiber-fiber Short range internucleosomal Nucleosome
interaction interactions



5mC methylation is likely important for crops!

* Bisulfate sequencing for bp resolution or
Reduced Methylation Assay for broad picture

* Inherited methyl states affect transcription

CPG wms urmims | CPG| BN N e
2 | Gen Gene
Glym_ 0493 i; —— L AR R =
S| — | o i
' I -
LD i I ?*‘“n' T e ST I T
gl ‘Jd Hll ’ 1 } | I - E
LDX |]| | T I | [ ‘ T i |I gz CHG
‘ ‘ = R, UL — || ST o e -
R-11268 , s oordusediene —— ., SEEE— -
: & cRG cel TN N DN (] (R0 W
R-11272 || E
l l ‘ §5 — - B HLIRNEE D —— i D | SRR | - 44 - PRI R
B - ..'i'il;ﬂ:'"" - .—_n—-- .-":"A“. S LY [T R 1]
Schmitz, GR, 2013 Clathrin Coat Associated Protein Helicase SWR1
Glycine max (soybean) Methylation comp. between diploid Panicum

hallii and tetraploid Panicum virgatum

Tom Juenger : UT-Austin v



ChlP-Seq in plants

Use antibodies to identify positions in a
genome where a specific transcription factor

binds

Glycine max (soybean) :NAC transcription factor

Chromosomel [Gm'"
- 55 mb
Distance s = - - . .
1 1 | I l | | | | | |
[
Antibody treated M__L..._J___‘_a__. l - P 2 e - W
Control 1 | i e i i M s I 1
Genes

MHIIIIIIMI W lll I Il II (I IIIIHIIIH llﬂl'lﬂlﬂllllll'l ﬁlﬂlllll L] --w

ma0 1500100 Glyma0 lyma01g28430 Glyma0 ma01g4%
IIIIIIIIIIIIIII IIII I II I I | | l IIII IIHIW“ IIIIIIIIIIIIIII
Lpeak_1 MACS_peak 85 MACS_peak_06 MACS_peak 97 MACS_peak 00 MACS _peak 118 MACS_peak 23¢

Peaks

Shamimuzzaman, 2013 BMC Genomics

(a) Potential NAC TF Binding Motifl
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Histone modifications in plants

* |dentify histone modifications

. TS g (é E E 8 é Genomic coverage
using ChlP-Seq sfss5558¢8,85¢8
2 EFERKERLSES S
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Plant databases/computational

analysis platforms
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JGI: Phytozome Portal

phytozomeZ- 10 Rpaeia 20 el e 23] Dl s fgel) i -

JGIX

JOINT GENOME INSTITUTE

JGIX

Welcome to phytozome/o The JGI Comparative Plant Genomics Portal

Data and Analyses available in v10

Phytozome quick start

Video tutorials

Panicum viegatum Sﬂfphvm bicolor

ine max  Setania italica v2.1
Wngzsn

ncmn. vao reinhardtii v 5 distachyon v1.2

| [ |

patens va.0

1 Help with Phytozome

® Video tutorials will be avallable shortly [ )

46 annotated plant and algal genomes
®  Protein families constructed at

® InterPro/KEGG/KOG proteome annotation

e natural diversity data for Ptr, Egr, Bdi

e  expression data for Cre, Pvu, Gma

Login -

Species ~ Tools ~ Info ~ Download Help ~

JGIX

About Phytozome News (detatis.) o ‘ System Status (20140528 n36)
y is the Plant C: portal of the of Energy’s (20140427 v Search
Joint Genome Institute. Families of related genes representing the modern descendants v10.0.1 bug fix release « BLAST
of ancestral genes are constructed at key phylogenetic nodes. These families allow easy (201404.04) v BLAT
access to clade-specific orthology/paralogy relationshins as well as insights into clade- - 3 v Interine
specific novelties and expansions. As of release v10, Phytozome provides access to Ot a1, Auhidopsis e V1.,  Datahass
Panicum hallii v0.5 eadly releases
forty-six sequenced and annotated green plant genomes which have been clustered into h !
gene families st 13 evolutonandy significant nodes. Each gene has bunnmomedwxh (2014.0318) p ytOZOl I I 10
PFAM, KOG, KEGG, PANTHER and GO , where possible. Query ¥ V10.0 beta is now five!
access is provided by Phytozome’s InterMine and BioMart instances, while bulk data S e |
sets can be acoessed via the JGF's Genome Portal (registration required). JBrowse 0 Previous view
genome browsers are available for ol genomes. 2 Helpwith this page

Famlly chloroplastic drought-induced stress protein of 32 kD

Actions ~Family Info
Phytozome Features C Revisequery Identifier Poplar-Malvidae gene family 46334641, 11 members
. . . i b
e  Genome-centric, gene-centric, family- 1 Lo s W s e/
. . . . sh Findrelated .. B N (VS o [ (e e e [
CentrIC searCh and V|Sua||zat|0n + Addtocart KOG Class CELLULAR PROCESSES AND SIGNALING [O] : Posttranslational modification, protein turnover, chaperones
° JBrowse genome browsers i Composite family [ Genesin Familyj Fu;amalAnno;won MsA fm}yuum
Y InterMIne queryable data Warehouse My Data (0) [l M Views org D Alias/Symbol Defline Domains Exons
L. . ® View cart @ F @B Pr Porioo2G0i6.. POPTR_00025017... m—.”.m—(j
e Searchable by sequence similarity, GO/ + M | R PP P
PFAM/KEGG/KOG/PANTHER,symbol, 2 Upkadden Br @B oo emmoes. P Vartalal 9 PEr-=
; P o Do e 0 r @@ oo comoosrs. gOeespeedDes
|dent|ﬁer; keywordl = .C\earua!a B F ﬂn Tca Theccl1EGO3A... Chloroplastic drought-induced stress pro... '.D“”“D—D
[ ] Custom user I|St$, data downloads Settings f r [IE an ATiGTe0s01  ATCDSP3 chloroplastic drought-induced stress pro... mm
e  Programmatic data access via web Dtk 0 e @@ o s, essesheODEE
. . . S 0 F @@ e eescso.. OO DD eDeal
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The iPlant Collﬂya*'borative

The iPlant Collaborative develops
cyberinfrastructure and computational
tools to solve Grand Challenges in

plant science

s
| CHALLENGE

iPlant Genotype to
Phenotype (iPG2P)
Mapping the links
between genotypes and
phenotypes

iPlant Tree of Life
(iPTol)
Understanding the
phylogenetic

relationships between all plant life

Seed Projects
Supporting diverse

cyberinfrastructure needs f§

-
DISCOVER

Discovery
Environment
Access iPlant tools
through a single
user-friendly interface
MORE...

DNA Subway

An educator-tailored
interface for bringing
iPlant to the classroom
MORE...

Atmosphere

An integrative, private,
self-service cloud
computing platform
MORE...

IPlant

(©) iPtant Collaborative e

Register for iPlant Tools

Login or Register About ContactUs Feedback

Upcoming Events

® iPlant Tools and Services Workshop,
UC Davis. March 12th and 13th 2012
March 12 2012 - March 13 2012

® iPlant Workshop, UC Berkeley/
USDAARS Albany
March 12 2012
MORE...

the iPlant &5

Current Issue: December 05 2011

News and Announcements
® Trellis: Climb on for Faster Access to
iPlant Resources
® 2 0 Release of Taxonomic Name

Resolution Service

MORE.

- e

CONNECT

People at iPlant

Community driven science

@)
&9 ‘S

Capg®

My-Plant.org E ‘
iPlant social networking !-; E'/' =

Find Us...

@ You{ [T
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DOE-BER funded
project to provide

access to DOE o o
computational T

HU A ‘“-.'.i
resources L1 o

Targeted towards Exploratory Tools and
metabolic modeling Statistical Models

and statistical i
Co-Expression Networks Bete Sugar elase
LAY
oyl B _

modeling

Command line and
GUI interfaces

Under construction
at http://kbase.us

“ KBase

W”  PREDICTIVE BIOLOGY
DOE Systems Biology Knowledgebtise



Gramene: a Comparative Resource for Plants
fgname:w

Pathways

Genome Browsers

40 Species

Includes Rice, Maize & ArabidopS|s

Plant Reactome |
Rice curated pathways =

Maize & Arabidopsis - s

projections — . il

Annotation

Gene trees & orthology

10 species “Cyc” ._
metabolic pathways |- . . SEoR

Pl 5
IS - -
A T e -

™ U

Comparative maps \Collaborator: Lincoln Stein (OICR) )

( ~_ ] || Variation & effect prediction

Gramene services & programmatic access:
BLAST, BioMart, API, RESTFUL, MySQL

N

Pl: Doreen Ware (CSHL) &%~
Co-PI: Pankaj Jaiswal (Oregon State U)

J

Jrstream gene variant

—
n

Gollaborator: Paul Kersey (EBI) e!EnsemtD

||||||||||

Funded by NSF #0703908 26
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The Bioinformatics/Genome Analytics Landscape

Genome Assembly Transcriptome Assembly
 Allpaths-LG * Trinity
« MaSuRCA * Abyss

Functional Annotation

Gene Prediction e orthoMCL
e MAKER-P * |nterProScan Genome
* Augustus

Transcriptome Profiling enabIEd
Variation Analysis e “Tuxedo” suite plant
e GATK suite * GeneCounter

m

 TASSEL SySte >

Network Prediction Other HTS ‘Omics Analysis

 WGCNA * MACS
e Aracne e BS-Seeker2

The landscape is mature with many options and developed user communities.



Example: Network analysis elucidates integration of stress responses,
photosynthesis, and growth control (Brachypodium)

Drought “Down” Heat

Drought, heat, salt

Weighted Gene Co-
expression Network
Analysis (WGCNA)

Drought

Translation

photosynthesis

Priest et al., PLoS One,2%014



The Bottleneck Has Shifted
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A systems-level analysis of drought and density response
in the model C4 grass Setaria viridis

Tom Brutnell (Pl); Co-Pls Andrew Leakey, Asaph Cousins, lvan Baxter, Todd Mockler, Jose Dinneny, Sue Rhee, Dan Voytas, Hector Quemada

University of lllinois - Urbana-Champaign

DOE Genomic Science Program - Award Number DE-SC0008769
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High-throughput image-based controlled-environment phenotyping

™ o

Visible Light Imaging Fluorescent Light Imaging Near-Infrared Light (NIR)
High-resolution color images for Blue light (< 500 nm) visualize Imaging
comprehensive morphological any related fluorescence Shoots: Measuring water
and growth phenotyping * Chlorophyll (cont., flash) distribution and dynamics
* Green fluo. Protein (GFP) ) o )
« Phenolics Roots: spatial distribution of
« Auto fluorescence water content in soil

33




Danforth’s controlled-environment phenotyping facility

* 1200 plant capacity

* The first non-commercial
high-throughput plant
phenotyping facility in the US

* Imaging and software enable
daily measurements of
growth, 3D architecture,
biomass accumulation,
fluorescence and infrared

signatures. . .
& Conviron Growth House Imaging Loop
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Three Imaging Stations: Fluor




Three Imaging Stations: VIS

36



Three Imaging Stations: NIR

' FERR A= treoem wem: 1LV S22 8% BBO S50 U teme i e

\*\"’\/j/‘

37



Controlled environment phenotyping enables coupling
physiological analysis and ‘omics profiling to understand plant-
environment interactions and effects on growth and yield
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[ Photosynthetic Measurements =
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Transcriptomic Analysis
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Quantifying effects of drought on Setaria viridis growth, development, and physiology

s M N AR N N 100% watering
BT T T o
Setaria viridis: Control
50% watering
s 4 + +p o A
S kd R4 R4 L] b houd

Setaria viridis: Drought

0 30 60 90 120 150 180 210 240

Vn ° bl A 257 Watering treatment B =] 0.6/ Watering treatment N I R
ISID’E _
201 o LOESS I .
Imaging: , g |- ; maging:
§ 0.7
S 159
B
. E
biomass water
[0
x
z
5] content
0.9
0- T T T T T T
30 10 15 20 25 30
Days after planting Days after planting 39




Fluorescence imaging-based photosynthetic analysis (benchmarking)

CAO1

GUS Control

Relative area

0.4+

BEcaol
Ovector T
|
0.3+ T
[ .:. TQ |
o |
1l
024 T J.E B
. I
L ] . | I T
. N o
0.1+
. i N
1
bpa i, 7 o
0- LA Pt e

2 PP P AV AL S P PGP
D7 97 D7, O, O O O B O 05 ©7 97 o7 o
Y & N F AV AT F X F IO
QI QI QI Q| Q| QI QI Ql QI QI QI Q|

Fv/Fm

Lowered Fv/Fm ratio in caol
(chlorophyllide a oxygenase) is
consistent with fewer open
reaction centers available in this
photosynthetic mutant.
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PlantCV (Plant Computer Vision)

(e.g. 3D reconstruction)

Built with opensource libraries OpenCV, Numpy and MatPlotLib

Integration of plant identification, feature identification, and feature analysis
Works on other types of images, not LemnaTec-specific

Will be published and released publicly - soon

Being developed jointly by Mockler, Carrington, Baxter, and Brutnell groups at Danforth



Proxy measurements for more complex traits of interest

Automatic wilting assessment as a proxy for drought tolerance

42



Setaria viridis: Visualization of color spectrum histograms to develop drought signatures

Control Drought

Days on Phenotyper

0 255 0 255
Normalized Red, Green, and Blue Channel Histograms 23



' Where do we need to go?




Where do we need to go — genomics/genetics?

* Sequencing technology and bioinformatics are well established — and not
a real limiting factor now (but should be tightly integrated into
improvement efforts).

* For some potential target species, existing ‘omics resources are significant
but insufficient. Sequence data acquisition is still needed (diversity
collections, understanding epigenomic impacts).

* For example, existing gene expression profiling resources in sorghum limit
the quality and utility of gene network models that can drive hypothesis-
driven allele-specific breeding strategies.

* |nvestment in data organization/coordination and integration is needed in
specific crops — generic databases don’t address this issue for specific
crops



Where do we need to go — phenomics/analytics?

* More plant phenotyping data needs to be acquired in order to inform the
development of improved analytics.

* It’s not all about image-based phenotyping - molecular phenotypes matter
(e.g. gene expression, metabolomics).

* Algorithms and software are needed to automatically extract and/or
derive digital plant phenotypes from large, typically image-based datasets.

* Hyperspectral imaging seems to have great promise — but we don’t have
off-the-shelf hyperspectral profile models that correlate with key plant
traits.

* Robust packages/pipelines and communities of users are needed to drive
standardization.

* |Investment in data organization/coordination/curation and ongoing
integration.





